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@ Motivation

© PHENIX experimental set-up
@ Low mass di-electron continuum
@ Open heavy flavor

G Quarkonia
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EM probes are an important and powerful tool to diagonse the hotamskednedium created in
relativistic heavy ion collisions.

- interact only electromagnetically, once produced leavksooh region unscathed.

- carry information about the early times

Dilepton mass spectrum Expected modifications to the dilepton
o 70 andy Dalitz decay: thermal radiation SPectrum, due to the QCD phase transition
from real and virtual photons T3

=
Chiral symmetry restoration

continuum enhancement

modification of vector mesons 4

p.©

./ dyam

@ light vector mesons and low-mass
continuum: sensitive to chiral symmetry g

restoration that will appear as mass shift:
broadening or excess yield. o
thermal radiation

@ open heavy flavor: thermal radiation and | and heavy flavor 4

medium modification. L Y .

Suppression E
@ quarkonia: suppression/enhancement of F (enhancemen) o
guarkonium production reveals critical 3

features of the medium. 3 Drell-Yan

[ Low- | Intermediate- High-Mass Region

>101m >1im i <01 m
E i I L I 3
0 1 2 3 4 5
EDUAN [
S Lﬁf‘(‘w% mass [GeV/c’]

Deepali Sharma (Weizmann Institute) ICPAQGP 2010, Goa 9th December, 2010 3/4:


http://www.weizmann.ac.il

PHENIX Experimental set-up

2010 PHENIX Detector Central Arms: hadrons, photons, electrons;

PC3  Central P L) -035§ n §035,

0 TEC,
pey Magnet

T @ pe > 0.2 GeV/c;
o Ap = m(2arms x 7/2);
@ charged particle tracking analysis using
z DC and PC.
HBD % Electron identification based on:
mpc RxNP = i .
@ Ring ImagingCerenkov detector (RICH);
Aeoge @ Electromagnetic Calorimeter (EMCal).
West Beam View East " Forward rapidity arms: muons;
7%’//4% Central Magnet \n“\m;@ ] 12S |’f]| S 24,
| o, 5 e p, >1.0GeVic
= I yre ° Ap = 2r
=3 B
gosws |3 M lN | g o p-Magnets andi-Identifier steel absorb
| ! = B = D 1% g 3 .
g MTrI _I HBD I- | hadronss-rejection~ 250:1
@ p-Tracker reconstructs trajectories and
determines momentum.
A South Side View North ——
mzww} ; 18.5m= 60 ft PHENIX
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Low mass di-electron continuum

Low mass di-electron continuum J
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Dileptons in PHENIX: p + p collisions

PLB 670, 313 (2009)

@ Inclusive mass spectrum ef e~ 8 10° ppanNs=200Gey 0% e we 4
measured froorm=0tom= 8 E * DATA 8 o L ]
GeV/2. W 10 i <035 210 poe e

) o § p,>020Gevic ik o eoaree == DY - ee(PYTHIA)

@ Very well understood in terms of ~ £ 0] E L

- hadron cocktail at low masses. 2 8
- heavy Flavor+ DY at high z 10° o
masses z <
) ) S A

@ Charm: integration after 8 107
cocktail subtraction; T e
oo = 544+ 39(stat) £ 142(sys) + £10°k
200(model) ub :

©
@ Simultaneous fit of charm and SWCER AN T
bottom; S )
10
- o = 518+ 47(stat) +
135(sys) £+ 190(model ) ub =
- Opp = g
3.9+ 2.4(stat) +2 , (sys)ub 9
©
o

8
m,, (GeV/c?)
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Dileptons in PHENIX: Au + Au collisions

Au+ Au (PRC 79, 81 034911(2010))

1 . .
10°F min. bias Au+Au \[s, = 200 GeV
* DATA ™ . yee Iy ~ ee
102 & vI<035 n - yee Y~ ee
p >02GeVic— N —yee U cC - ee (PYTHIA)
— sum

p-ee

T — ee (random correlation)
bb . ee (PYTHIA)
DY - ee (PYTHIA)

a)‘ee&n"eei
@ - ee &nee

dN/dm,, (c?/GeV) IN PHENIX ACCEPTANCE

Data/Cocktail
N
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Dileptons in PHENIX: Au + Au collisions

Au+ Au (PRC 79, 81 034911(2010)) AutAu \y =200 Gev
~ T
B E(a) Ylem(150<m <750Me\//c)l(N 2
. j j 35_ C o pp
10°E min. bias Au+Au \[Sy, = 200 GeV = ¢ woha
* DATA ™© - yee Iy - ee 3 OCKTAIL
102§ M<035 e n - yee W ee >
pé>0.2 GeVic—— r| ~yee T cT ~ ee (PYTHIA)
m

- ee
T — ee (random correlation)
""" bb . ee (PYTHIA)

S0 ee&nee DY — ee (PYTHIA)

dN/dm,, (c?/GeV) IN PHENIX ACCEPTANCE
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@ Strong enhancement ef e~ pairs at low masses:
(3.4 + 0.2(stat) + 1.3(sys) & 0.7(model ) ub (0.15< myto— < 0.75GeV?)

g @ Characteristic properties:
8, - Enhancement down to very low masses
- Enhancement concentrated in central collisions
- No enhancement in the IMR
R X Ry SHYENIX
% ’@ % 0 5‘0 IE‘IO 15‘0 ZE‘IO ZJSB 380 '\?:‘?
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Low mass region: evolution withpy

WEIUAN [
ST %’3@
OFSCeNE I 5l

s T T T T T T T T T T
10°
N% 0.0 GeVic < p, <80 GeVic PHENIX Preliminary 0.0 GeVic <p, <0.7 GeVic
< [ min. bias Au+Au (Rund) " [Jmin. bias AutAu (Rund)
]
£ [0 @ pp (Runs) @ p+p (Runs)
3 10 — Cocktail p+p — Cocktail p+p
] both normalized to m, < 100 MeV/c” both normalized to m,, < 100 MeV/c*
H <
2 .50
S 10 y
” L} O B
. = — 3
10% < _ %, g o
—= — X )

& e ]
10° = £
10° ! ! ! ! ! PRI R R EEU I B R

s, T T T T T T T T T T
$ 10’
’% PHENIX Preliminary 0.7 GeVic <p <15 GeVic PHENIX Preliminary 1.5GeVic <p, <8.0 GeVic
= [ min. bias Au+Au (Rund) [CJ min. bias Au+Au (Rund)
5‘” 102 @ p+p (Runs) @ p+p (Runs)
g = — Cocktail p+p — Cocktail p+p
] both normalized to m,, < 100 MeV/c* i both normalized to m,, < 100 MeV/c*
5 i
ERTa . [
> ¥
SErn gy ) s
10* re ~ _
Cgd 2 =
<0 o 8 5 & £ Y
N N
N
10° | | | | | = [ IR R R B
9 0.2 0.4 0.6 0.8 T T 0.2 0.4 06 0.8 T2
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Enhancement mostly at lowpr
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Comparison to theoretical model#\( + Au)

min. bias Au+Au at\[s, =200 GeV

b DATA T
cocktail + random c¢: 9.5fm

total
——— vacuum p (RR+HH: 1fm)
= in-medium p (RR+HH: 1fm)
————— dropping p (RR+HH: 1fm)

in-medium p (KD+IZ: 3fm)

w
O
z
)
o
w
(S
Q -2
:10 E collisional broadening (EB+WC: 9.5fm) 3
E E collisional broadening + dropping p (EB+WC: 9.5fm) E
w L i
T L 4
o
-3

21070 Wt 4 E
g IS ~
‘—‘;10-4: \ i ! J
E | 1. ]
S | VI
Z L %{f

10.5 T I EEEN BRI SR B ;\. Pl et

0 02 04 06 08 1 12 14

m,, [GeV/c?]

All models and groups that successfully described the SPS tda

fail in describing the PHENIX results PHYENIX
WKWWEFE%
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Thermal radiation at RHIC - |

@ Real photon yield can be measured from virtual photon yield, obsered as low mass
ete™ pairs.
@ Enhancement of low mass dileptorsemission of almost real photons.

100 @ Restricted kinematic window:
low masse™e™ pairs M <
300MeV & 1 < pr < 5GeV/c)

@ p+p
- Good agreement qf + p data
and hadronic decay cocktail.

1<p,<2 GeVic

(b) Au+Au (Min Bias)

(@) p+p

o 2<p <3Gevic

3<p,<4 GeVic

4<p <5 Gevie

dN/dM, . (c¥GeV) in PHENIX acceptance
dN/dM,.,. (c/GeV) in PHENIX acceptance

@ Au+Au

- Clear enhancement visible abov
m, = 135 MeV for allpr.

10 107
0 005 01 015 02 025 03 0 005 01 015 02 025 03
M,.. (Gevic?) M,.. (Gevic?)
—~—
PHZFENIX
AN [
wsrmns%ﬁ@‘
OFSURNE R <

Deepali Sharma (Weizmann Institute) ICPAQGP 2010, Goa 9th December, 2010 10/ 4:


http://www.weizmann.ac.il

Thermal radiation at RHIC - |l

Direct v* to inclusivey™ ratio

@ Shown are the results fer+ p, d + Au andAu + Au collsions at,/S\ww = 200 GeV
@ Curves are NLO pQCD calculations with different theoretical scales.

@ p+ pis consistent with NLO pQCD calculations, excess in minimum Biag- Au
collisions is much higher than that ¢+ Au.

(a) p+p (b) d*Au (Min. Bias) | (c) Au+Au{MinTBias)

Lo PRL104,132301 T \5m=200GeV, lyl<0.35 | PRL104,132301 ]
" —~— ]
g PH: ENIX preliminary | }
B 0.8 —+ + * g
<] b
Q 4
£ J
= N
E 0.1 -+ / i, 4
£
k-]
1
* 0.05] B L 4
o

0
bbb b 0 e b b b b b B b b b b B 1

2 3 4 5 61 2 3 4 5 61 2 3 4 5
Py [GeVic] P [GeV/c] Py [Gevic]
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Thermal radiation at RHIC - IlI

@ eTe™ invariant mass excess

- transformed into a spectrum of real
photons under the assumption thatthe 3 10°
excess is entirely due to internal
conversion of photons.

4 4 AuAu Min. Bias x10°

© *  AuAu0-20% x10

o = AuAu 20-40% x10

& v p+p

Turbide et al. PRC69

- compared to direct (real) photon
measuremenfr > 4 GeV PRL 98,
012002 (2007))

Good agreement in range of overlap

N

=
o
[N

LA L AL AL L AL L L AL AL L

@ pQCD consistent witlp 4+ p down to
pr =1GeVic

@ Au+ Au data are abovBl scaledp + p
for pr < 2.5 GeV/c.

@ Fit Au + Au excess with exponential g ‘ ‘ ‘ ‘ ‘
. -7 L1l Ll L1l L1l L1l L1 1T
function +Ncoi scaledp + p. 0772 3 4

pTe(SGeVIc)7

Tae = 221 + 19(stat) + 19(sys)MeV corresponds to 7
o R Tini= 300 to 600 MeV;y, = 0.15to 0.6 fm/c PHIENIX
e el
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The future: Hadron Blind Detector

i
°
S

counts/N,, (c*/5 MeV)

o alle’e pairs (N, )
— combinatorial background (B™)
= signal (S,) *

Qs?
in. bias AutAu \[s, = 200 GeV * ﬁﬂ M

O sigpalfromconverterruns | 1,1, L
0 05 1 15 2 25 3 35 4
m,, (GeVic?)

@ The present PHENIX results suffer from large systematic uncertainties
@ The S/B ratio inAu + Au (Run4) is~ 1/200 at mass+.— ~ 500 MeVE.

@ A Hadron Blind Detector was installed in 2009 to improve measurements inNte by
reducing the combinatorial background.

- use opening angle cut to reject Dalitz decays and conversion pairs

—~——
PHZEENIX

MU [

WMWF%’&'@‘E%

OFSUEMGE £

Deepali Sharma (Weizmann Institute) ICPAQGP 2010, Goa 9th December, 2010 13/4:


http://www.weizmann.ac.il

Thar
i

Installed and fully operational since R'.'...'!?: 2w w0

HBD

Single vs double e separation

Charge of the matehed clusters |

Charge of the matched clusters |
Entri

| k-

T ] sl ‘++ EE

Tt

| [ e

| I = | ++
o s,

Hadron blindness IR BMIC..- ~SUE R.
hinF and R bias e-h separation  h rejection Charas (p-e.)

h
o £ £

Rejoctor factor

a0
Primary cnarge o) ©
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Open heavy flavor

Open heavy flavor J

—~——
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Open heavy flavor measurement in PHENIX

PHENIX measures open heavy flavor indirectly via semi-leptonic decays

@ Measure spectrum of all electrons.

@ Subtract photonic electrons using cocktail of known (measuredgesuconversions,
Dalitz decays of° andy etc.

@ Additional subtraction of quarkonia contribution.
@ Cross-check of photonic contribution by inserting converter.

—~——
PHZEENIX

e [
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Open heavy flavor measurement pr+ p collisions

PRL 97, 252002(2006)
Single electrons [y| < 0.35)

In agreement with previous PHENIX publicati®RD 76, 0920

Single muons (.4 <y < 1.9)

10°
o . run 5 single mu y=1.65
-1 o
~ 10" T T T T T T T T T = E FONLL total y=1.65 (electron)
A E 3 3 10t FONLL ch: 1.65 (el )
E R i ~ 3 $ _ charm y=" (electron)
S 10208 pHp - (€7 +e)/2 + X at\s=200 GeV (a)E 2 ——— FONLL bottom y=1.65 (electron)
$ 3 E W TThNGE o e bsc uncertainty y=1.65 (electron)
| - E
1 - E
2 «  PHENIX data 3 g E
o 1 FONLL total) - B 10° = S
o E o E
S —— FONLL(c - €) 3 E e
21 ~— FONLL(b - e) E e
w g FONLL(b - c ~e) E
3 10° =
= a4 ®
E =]
| g 5
% § e e o @ e
1 = S 3 - - -
= g e a8 §
3 = P e LT T T e B
4 b) 3 2
225 ( )E K-
o 2 — L L L L L L
':\(‘- 15 E 15 2 25 3 35 4 4.5
g 1 3 Pr
0.5k =)
1

o
=
N
w
N
o
o
~

8 9
p; (GeVic)

0

@ Derived charm X-section from single electronsg = 567+ 57(stat) + 224(sys)ub
@ Mid-rapidity measurement is in agreement with pQCD calculations.
@ Measurement at the forward rapidity agreesgpr> 3.5 GeV/c, wher&/B is better. poeux
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Open heavy flavor ilAu + Au

heavy-flavor e*
background e*

c =
R S R
T

o

o

)

PRL 98, 172301 (2007)

@ Same method as in+ p

Heavy flavor electrons frorAu + Au
compared tdNco scaledp + p (FONLL x
1.71)

Min-Bias x 10°
0-10% x 10°
10-20% x 10"
20-40% x 10°
40-60% x 107
60-92% x 102
p+p x 10%/42mb

£ 0 <> me[

1 2 3 456 78 9

RAA

P, [GeVic]

02
w02
I
>
0.15

o
T Lo

1 2 3 4 5
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6

181

0-10% central

= = Armesto et al. (I)

[ van Hees etal. (II)

/(2nT)  Moore &
2/(2T) Teaney (lll)

Au+Au @ \Sy, = 200 GeV
|

By

= 10V, p, >2GeVic

e 'Ry, et ViF

7 8 9
P, [GeVic]
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Open heavy flavor ilAu + Au

N: 103\\\‘H\\‘\\H‘\H\‘HH‘HH‘HH‘HH‘HH‘ PRL98,172301(2007)
g 1 oo, f £ @ Same method as in+ p
2 SIE b ! ] @ Heavy flavor electrons frorAu 4+ Au
g 10 &3 ? P
T égxs— R : ] compared tdNy scaledp + p (FONLL x
= g & 1 1.71)
,_:]_0’l 057/ E
i g 5 TR OISOV P ORI < 18 T T T T T T |
K 10 123 456 789 < 3
P, [GeVic] X is (@)  o-10%central = == Armesto et al. (I) -
3 B
10 \\ 14 [ van Hees etal. (II) 3
105 X oML rlh ........ ~3/(2rT) Moore& 3
@ Suppression level is almost the same as for light quarks atgrigh B
@ Intermediatepr suppression compatible with the scenario, where the radiative enérg
loss is larger for light mesons. E
@ Comparison to the Transport models that describe suppression artid @ty é
simultaneously, suggest thitis close to the conjectured quantum lower boued 7
near a perfect fluid. E
v A 20-40% x 10° F ’Rm‘ * hF g
1025 v s060%x10" P?/E—NIX 0= * e °r =
101 O 60-929x 102 7 \@ £ N e
% p+p x 10%42mb Au+Au Sy = 200 GeV/ 0.05— Al !
10.14\H\‘H\\‘HH‘HH‘\\H‘HH‘HH‘HH‘HH‘\ E PH/><\EN|X |
0 1 2 3 4 5 6 7 8 9 of E
p, [GeVic] R R R S S A
o p, [Gevic]
SHer D
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Future of open heavy flavor in PHENIX

@ Thep + p andAu + Au data in 2009 and 2010 were taken with the HBD in the central
arms - large improvement isyr signal/background.

@ Results ofesr —hadron correlations from 20G8+ Au run.

@ VTX detector (mid-rapidity) in Run 11 and FVTX (forward rapidity) on RL2 will allow
b/c separation foeqr

@ Trigger onene — e to explicitly select back-to-back heavy flavor using the VTX detect
starts in Run 11.

—~——
PHZEENIX

e [
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Quarkonia

Quarkonia |

—~——
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Invariant yield of J/« in p + p collisions

PHENIX has made high luminosity measurements af yields fromp + p collisions in 2005,
2006 and 2009 runs. Data shown here are from 2005 and 2006.

Excellent agreement between the runs
x10®

Y T T T T T T T T T T [T T T T T T T T > r L B L L B
£ PHENIX preliminary ~  RHIC2006y<[-035035 § 1:61 PHENIX preliminary » RHIC206y<[0254035]
=y memoti B Newmecvpn 1 i

g yell-s22l 3 m Tk <. CSMts-channel (0809.4684v1) ]
“::n -------- CSM+s-channel (0809.4684v1) 5 NRQCD (PRL93, 171801)
‘::m@ San= 200 GeV p+p 7 1.2+ -
o d¥ E r ]
%, E F ]
i 3 i g
?f*’lﬂ = C ]
\f%*] E 0.8~ =
f\ e 0.6 p =
: ™3 04 ¥ 3
E ’I_" 10.|1% (I}loball Scalle lelcemllinty‘ ‘ E 0 Zi 7+ ‘l 0.1% qlobal Sc‘ale Unce‘rtainty i . j
0 I 2 3 4 5 6 7 8 9 10 3 2 a4 o 1 2 3
p, (GeV/c?) y
-
PHZFENIX

SHrAE
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' — ete” and e vial/Y+~yinp+p

: 10
) x*/ndf 75.88 / 63 E global errors = 10%
3 [Prob 0128 =~ F \5=200 GeV |y|<0.35
= PHENIX PRELIMINARY g 1 % = ptp Iy
%wz? "(;1‘:=1.910.510.z% 3 E %t -e-ptp oV’
3 [ ~E
8§ N # PH ENIX
10 3 ; + PRELIMINARY
£ ~ [
: dgel T *
b e o
E $ T 4
C | | | | 2 10°
25 3 35 4 45 E
Mass e’e” [GeV/c?] C l +
g L —8— Same event real data A T N BT DU D T T P
el n I Mixed event real data L i“”’-.- PHENIX v -
b i ati 0.05\- - HERA-B Vs = 41.6Ge
5 I simulation g -3 il CDFV/s = 1.8Te
O ol - I CB + signal N
= i g i1 0.03— ¢ <0.38 90% CL
[ - £ 50.02— o)
anl- + g N\M,_O*)O*O éib b
r- L/ S A T B S A " &V/
20+ ev/c,
. * (R P, [GeV/e]
T e HERA-B: Eur. Phys. J. C49, 545 (2007)

L e T M(e'e) [Gevi?]  CDF:iPRL 79,572 (1997) PHYENIX
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Y — ete  andycviad/yY+yinp+p

x*indf 75.88 /63 20 global errors = 10%
3 ErobN0128| e \5=200 GeV |y|<0.35
f PHENIX PRELIMINARY S 1 = ptp Iy
%101 "(;1?;1.91 05+02% E %ﬁ:@ -e-ptp >V’
8 S + PHENIX
10 2 $ " PRELIMINARY
ols e “"
1 Wit s . .
o 9
- 2’ to J/4 ratio in the di-electron channel is of the order of 2% (consistent witi+
g HERA-B and CDF).
‘?:*‘ - Feed down))/+ from«)’ = 8.6 + 2.5% ]
© - World average is 8 4 0.3% (from Faccoli, JHEP 0810:004, 2008)
Qs
4 9 Xc
+ - Current PHENIX results present a limit an feed-down tal /v
J/4 from xc < 42% (90% CL) 2
* - World average (25 5%) (Faccioli, JHEP 0810:004, 2008) ]
ol@ L= T Mgy TR | MCA-D. CUL FIIYS. J. L4Y, D40 (ZUU/)
L e T M(e'e) [Gevi?]  CDF:iPRL 79,572 (1997) PHTENIX

.
orsi 30 P
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- Raain Au+ Auand Cu + Cu

PRL 101, 122301 (2008) : ! i !
s F x o lyl<0.35 systgmba‘ =+x12%
= 'ﬂ._i 3 l?fa | sl ° lyld1.2,2.2] systglubalz +7% |
oaf— ! =3 r
6t :_ £ E H-H. s _: 0.6 — a @ I 4
% Elyicn.as Hﬁjw B o4r [] @ @ @ 1
oo ® Cu+Cu, syst *12% EKS tuicu e | @
& : m  Aushu SySanF 12% __ EKS auau : 02F @ 4
3 ol o
= 1F = / | !
e e L 1 £S5 - 9
b B = 3 12 fI_l systglobalft 14 %
= 1 e 1 o
05— — Eﬁ 0.8 LIJ ]ﬂ
- E R £ 3
04— - 0.4 @
£ mem 2221 ) i -
02 u+Cu, syst alfﬁ "i. —EKS ouw g T 02
L E.KS Aushu E 0 56100 150 200 250 300 350 o
Is al } . hart
£ 1210 =
Eﬁ . 8'__ o 3 @ The two data set€u + Cu (2005) andAu + Au
14 o $ Iﬂ““' B (2004) are in good agreement about the
0'4'_ m AUAUSYSt 14 ’ E¢ ks dependence of suppression on the number of
o2 e Cucu, syt t18% T s::: i”':“ - participants ’(\'part)
- sl - @ Suppression is substantially stronger at forwa
10 0 PHFENIX
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J/1 - Raain Au+ Auand Cu + Cu
PRL 101, 122301 (2008)

n:s £ Nuclear modification factor
M:_a) _: O PHENIX, Au+Au, |y|<0.35,+ 12% syst
L = 3 NA50, Pb+Pb, 0<y<1, + 11% syst.
06— g O NABO, In+In, 0<y<1, + 11% syst.
rC E [0 NA38, S+U, O<y<1, = 11% syst.
" iyic0.35 .
oo * Cu+Cu, syst = %‘{]
i m AushAu syst s I
s b : ] i -
u.n:—m H = 0.4 g & g ¥ !
osf e i i
= J 0.2~
S e .2,2.21 - E! r
ez * imiu.sys:umlf?‘: — EKS m-c% = o | | | | | | |
urAu, syst & — EKS A PN IS N NS NS NN W N N

. 2 i ol - % 100 150 200 250 300 350 400
3 14 ' — N
E 1_2_—C) & m ﬂ _— part
Es i e 1 e T g @ BUT SPS (17.3 GeVPb + Pb J /7 data show
gL ' $ E B comparable suppressionyat- 0.5 to PHENIX

06— +} -

ol ® AuAL, :-31.!5thl +14 % E a aty ~ 0

e gy — EKS cucu' @ Different CNM effects ?

02— e CuCu, s.;fstcmnel +14% RS ek -

10 100 PHIENIX

gg{ <
¥
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Cold nuclear matter effectsd/ in d + Au

&

> 14790
g r
3 F a)
o 12 ' H
1= Q B
08 @ Ol [¢] [¢]
06— % [ [ [o]
04 S o Jiyind+Au aty 5,,=200 GeV (x TN_) Em@
C Global Scale Uncertainty +5.3% [}
0.2 o Jlyin p+p at\ $,,=200 GeV m
C Global Scale Uncertainty +10.1%
C I 1 1 1
X E
o F
o E
Y 1
S F
2
o 09F
0.8
0.7
0.6
050 —e— Jiyat\s, =200GeV e
F Global Scale Uncertainty +7.8% """+
0.4 —— EPS09 and 6,,=4 mb
F — — Gluon Saturation
0.3 | h | | |
-3 -2 -1 [ 1 2
VRN [
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@ PHENIX previously measured the nuclee

modification factoRya, in d + Au
collisions at 200 GeV in 2003.

In 2008, PHENIX collected a much highe
dataset - provides a much better constra
on cold nuclear effects on ttig/ vy with
smaller uncertainties and finer binning
(arXiv:1010.1246, A.Adare et al)

Top panel shown the new results for the
rapidity dependence of invariant yield in
p+ pandd + Au.

Lower panel shows the calculations for tt
rapidity dependence from different
models.

—~——
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J /1 suppression over CNM irCu + Cu and Au + Au

Recent work by Tony Frawley and Mike Leitch using rapidity dependesrfeup cross-section
and errors estimated from 2008 data.

cKsaa G b @ Difference between mid and forward
isellne L. .
o PHENXAuAuy=0 rapidity measurement is washed out.

® PHENIX AuAu y=1.75
®  NA60 In-In

o NASOPDPD @ Suppression beyond cold nuclear matter
Wide botes: CAM pasetine oys effects is observed.

I S NS FE S RS WA NS R
100 200 300 400 500 600 700 800
dN/d| _,

—~——
PHZEENIX
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Future possibilities

T (1S+2S+3S) states in p+p, d+Au and Au+Au

e

+p<e+e*>(|y|<oss) ptuT (L2<lyl<22)  d+AuptaT)  AurAu(eter)

PHYENIX PRELIMINARY

3

Run8dAu
South Arm™

Z,. Runépp
North Arm

ay,.sdm [(Gevie )|

s

— 12 cyena
PHTENIX Preliminary

2 3 1"5754!10

 uvariant ma [GeV/E] T et maniev) . B T g (GoVICH)

@ X-section inp + p follows world trend: @ Vertex detectors will allow bettef — ete™
BR x d—" = 114"45 pb, ye[—0.35,0.35] mass resolution and less background at
RUNG d Rundd + Au T N mid-rapidity.

@ Run6p + pand Run&d + — uTuT . -
measurements have been used toRygS 9 ?egarat)lon offr from J /) at forward rapidity

np

~ Raw = @ B—J X
0.84 4 0.34(stat) = 0.20(sys), ye[—2.2, —1.2] — /P +

- Ryau =
0.53 £ 0.20(stat) 4 0.16(sys), ye[1.2,2.2]

@ Au+ Au

- High mass di-leptoiRas Raa[0.5,11.5] < 0.64
at 90% C.L. .

PHZENIX
e
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@ The low-mass region iAu + Au shows an enhancement above the cocktail expectation
3.4+ 0.2(stat) + 1.3(sys) & 0.7(model )

@ Theory models fail to describe the data.

@ The measured temperaturelige = 221 + 19(stat) + 19(sys)MeV corresponding to
Tini= 300 to 600 MeV;p, = 0.15 to 0.6 fm/c, from the theoretical models.

¢ Data taken with HBD will provide better precision measurement for the LMR.

@ Open charm ip + pis in good agreement with FONL.
@ In Au + Au, open charm suppression is similar to that of light quarks at pigh
@ The VTX and FVTX detector in future will allow bettdx/c separation studies.

@ J/vy isp+ pis well described by the models.
@ J/4 to )’ ratio andyy’ feed-down tal/+) are in agreement with the world data.

@ Suppression measurements of charmonium excited states can throwanljgtoduction
and nuclear modification mechanisms.
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Back-ups

Back-ups J

ST K{K
OFSUENE
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The Raw Subtracted Unlike Mass Spectrum

Uncorrected mass spectra@fe™ pairs, mixed event and signal ji4- p and minimum bias
Au + Au collisions.

p+ p (PLB 670, 313(2009)) Au+ Au (PRC 79, 81 034911(2010))
9105””“””v””””I””T””]””Y”H %\10'4\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
2 B) p+p \'s = 200 GeV S o 'y
o o alle'e pairs (N ) © 10
‘U’E — combinatorial background (B™) 5
) « correlated pairs (S_+B") * Z 10¢
2 — cross pairs (EXODUS) 5
8 100 ---- jet pairs (PYTHIA) e

. . 10° &
11 ¢ L &
: Tt
el | RS f 10° in. bias Au+Au \s, = 200 GeV
N o allee pairs (N, )
0 05 1 18 2 25 3 35 GeVi N — combinatorial background (B°™)
Mee (GeVic?) 10710 - = signal (S,) :
2 Siopal fromeonverteriins, | gy
0 0.5 15 2 25 35

m,, (GeVic?)

@ Mixed unlike sign pairs normalized tN, ) = 2,/ (N4 )(N__)
@ Au + Au has analysis on a data sample with additional conversion material, which
increased the combinatorial background by Z56od agreement within statistical errors

o Systematic errors from background subtractigffs = %2 (0.25%) * s> — upto 50%

T ar 500 MeV. PHENIX
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Cocktail Tuning inp+p

The cocktail of hadronic decay contributions was estimated using PHEBIixfor meson

production.

@ The key input is the rapidity
density%N of 7°, determined
from a fit to the PHENIX data on
charged and neutral pions. The
function used is modified
Hagedorn function;

E. ?13?‘7 — A(e_(apT‘H)p%) +

pr/po) "

@ Forn, w, ¢ andJ/v, the
measured yield and spectra are
used.

@ For all other mesons, assume
scaling ofr° parameterization;
replace
pr —

MU [
ST Ef&,j‘g
LUEGCT A

Deepali Sharma (Weizmann Institute)

p%"‘rnrzrmon_ngr

0T T L B B SR B I
., p at\s = 200 Ge

310 'y Swmoete

c1 Ox* LECESY ok 4

I enN—=yY Om—yn®

E onosn’rn co—se’e

e o K* * 90— K K (no KPID)
% * 9 — K"K (one KPID)
“.’01 ~ =)y —se'e

w
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Centrality Dependence of Low Mass Continuum

Au+Au  \/s,, =200 GeV
o Plotted are the yield per number . 30— T

)

of participating nucleon pairs & [(&) Yield (150<m, <750 Mevic®) / (N,,,/2)
(Npart/2), in the two mass % o o
. =
windows. < n o AuA
o . 3 20 COCKTAIL
9 7 region Ny~ <) 0.1 GeV: >
the production scales 15

approximately withNpart

@ Low mass (0.15 M- < 0.75 10
GeV): yield increases faster thai
proportional toNpart

o qualitatively consistent with
the conjecture of in-medium
production fromr or qq

3}

annihilation. 3
@ 3
§ o2& . 5 _
2z Yield (o<mee<100 MeV/c )I(Npanlz)
~ 1— —
=}
= % 50 100 150 200 250 300 350

—~——
PHZEENIX

WEIUAN [

YR %ﬁ@%

OFSUENE
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Low Mass Region Mass Spectra gy Slices

p+p Au+ Au
5
(uj 0 +p \/S = 200 GeV 8 10 min. bias Au+Au\/s,, = 200 GeV
z PP Z 10t « 0.0<p_<0.5 GeVic x10° . 2.0<p,<25 GeVic
£ 1§ Jox 10° + 2.0<p_<2.5 GeVic Z 10 P eve Pr
g * 0.0<p <0.5 GeVic x 10, Pr . I « 0.5<p'<1.0 GeVic x 10° = 2.5<p, <3.0 GeVi/c x 10
mog  0.5<p <1oeewcxm2 «25<p" <30 Gevic x 107 i 10°8 © L0<p'<15 GeVic x 10° - 3.0<p]<d.0 GeViec x 10
8 107§ o 1. 0<p <1.5GeV/c x 10° « 3. 0<p <4.0 GeV/c x 10" 8 = wl 5<p <2.0GeV/cx10 u 4. 0<p <5.0 GeVic x 10°
< a1 5<p <2.0GeV/cx10 u 4. o<p <5.0 GeV/c x 10° < 102
x x
z z
w w
& z
z 0.0-05 = 0.0-05
%‘ 0.5-1.0 %
Qo Q 0.5-1.0
L K
! 1.0-15 % s \
107 \ WA
![E 5 — 1.0-1.5
2 2104
10
© 15-2.0
152.0
2025 20-25
2530 25-3.0
3.0-4.0 109 | 3.0-4.0
£.0-5.0 4.05.0
P — Lo b b b i 1y | Rl 101 |
0 0.2 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.6 0.8 1 1.2
m  (GaVied) mMee (GeVic?)

@ p -+ p matches the cocktail fairly well.
@ There exists LMR excess #wu + Au at all prs.
o v @ LMR excess is largest at low paif
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pr Spectra of Low Mass Region

Acceptance corrected
Solid lines (cocktail); Dashed lines (cocktail + virtual photon)

p+p Au+ Au

o e e LA B TT T T [T T T T [T T T T[T T T T [TTTT
% p+p NS = 200 GeV min. bias Au+Au \[s = 200 GeV

0 10" ® m,. <100 MeV/c? x 10 @ m,. <100 MeV/c? x 10

< 2 B 100 MeV/c? < m,, < 200 MeV/c? x 10 M 100 MeV/c? < m,, < 200 MeV/c? x 10
%"_10 B 200 MeV/c? < m,, < 300 MeV/c? @ 200 MeV/c? < m,, < 300 MeV/c?

g 3 B 300 MeV/c? < m... < 500 MeV/c? x 10 B 300 MeV/c? < m,, < 500 MeV/c? x 10

<M
310 500 MeV/c? < m,, < 750 MeV/c? x 107 500 MeVic? < m,, <750 MeV/c? x 10
E°) 10 W 810 MeVic? < mw <990 MeV/c x 10° 810 MeV/c? < mg, < 990 MeV/c? x 10
—~ <M
W

o

=4 -5

F10

S 06

—10

o

N

807

£

=~ _§

=10°®

11 1 1 I 1 1 1 1 I 11 1 | I 1 1 1 1 I 1 1 1 1 I
0 1 2 3 4 5) 1 2 3 4 5

VETMANN [

&M’@i P, (GeVic) p, (GeVic)
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pr Spectra of Low Mass Region

Acceptance corrected
Solid lines (cocktail); Dashed lines (cocktail + virtual photon)

p+p Au+ Au
o e e LA B TT T T [T T T T [T T T T[T T T T [TTTT
% p+p NS = 200 GeV min. bias Au+Au \[s = 200 GeV
o 10! ® m,, <100 MeV/c? x 10 ® m. <100 MeV/c? x 10
g ) W 100 MeV/c? < m,, < 200 MeV/c? x 10 W 100 MeV/c? < my, < 200 MeV/c® x 10
'G,_lo B 200 MeV/c? < m,, < 300 MeV/c? ® 200 Me‘”cz < Mee < 300 Me‘”ci
%10 a W 300 MeV/c? < m,, < 500 MeV/c? x 10 M 300 Mev/c2 <mg, < 500 MeV/c2 x 10';
2 500 MeV/c? < M., < 750 MeV/c? x 10 500 MeVIc2 < Mg < 750 MeVIcz x 10i3
‘%;10.4 B 510 MeVic? < m,, <990 MeV/c® x 10° B 810 MeV/c? <m,, < 990 MeV/c? x 10
£ 100
. \
.06
0 LN
9 p+p
Agreement with cocktail + internal conversions of direct photons.
o Au+ Au
Forpr > 1 GeV/c, small excess- internal conversion of direct photons.
Forpr < 1 GeV/c, large excess for®< m.r.- < 1 GeV
1012 Tz LN
10-13
10.14....I....I....I....I.... v v b by vy oy g | ——
R 1 2 3 4 5) 1 2 3 4 5 PHIENIX
b ] p, (GeVIc) b, (GevIo
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Rapidity Dependence of Integrated X-sectionpri- p

Integrate the single electron/muon spectra, extrapolates+0 and convert talo/dy using
FONLL.

p+p\'s = 200 GeV

B PHENIX electrons
(PRL 97,252002)

/dy (mb)

02—

@

® PHENIX muons
preliminary
o FONLL charm
cent. —
upper/lower ===

do

0.15—

0.1

—
PH-“ENIX

Uncertainties dominated by background systematic errors.

—~——
PHZEENIX

WEIUAN [

WMWFW@}%
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rm and Beauty Separation frore — h Correlations at Mid-rapidity

Electron hadron invariant mass is different for B and D meson decays

PRL 103, 082002 (2002) Combining with single electron spectra, extra
e-K(NO PID) reconstruction hadron p_ 0.4~5Gev/c the charm and beau’[y distributions.
R LA T T T T LS AR AR AR AR LR AN AR
g f@  Himmemneeet do) oo | Derived beauty X-section,
r simulation(charm; T -~ simulation (combination of
e s simulation(bottom) o e+hadron from je _ +1.2 +1.4
2ot e toma]. <o cemnremier 1 gpp = 3,27 77 (stat) Ty75(sys)ub
. measured b el(c - esb -¢)
- < EN T T T T T T T
=% Ry mrs"‘ (@ p+p - (6" +e)2 + X at\Vs=200 GeV |
0% 38 90% C.L. o PHENIXdata(c - e+b - €) J
oo £ = A PHENIX data(c - e) e
m: = PHENIX data((b — €) —=
o o — FONLL(c ~ e+b — e) 3
SSTHOPPTRPSTIOOSTSOOS. WUS{N K rofveFSEVVSTESERTE SUSSYES TTOTT ®© L ---FONLL(c - €) b
MeK(GEV/CZ)Os Tz e Z?V';K(AGE\?/;) W07 o FONLL(® - ) =
T E o PHENIX ly| <0.35 £ ;
_’:Tz 0.9 ol -
T o E
1 ~--FONLL errorband y=0 [ __...c--- C 3
o0 e i ]
%/ . B = P S S R ‘?‘ff
1 2 s (b) c-e) _
o % o T90%C.L. B
.."“ poweL— 1| g | BU%E"L @ﬁ R G
________________ 90% C.L. L ]
p+p at\'s=200 GeV ey
SR A I R 5 3 7 8
0 2 3 7 6 7 p. (GeVic) X
™ Electron p_(GeV/c) T
OFSCIENE [ TPy
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Charm and Beauty Separation frore — h Correlations at Mid-rapidity

Electron hadron invariant mass is different for B and D meson decays

PRL 103, 082002 (2002) Combining with single electron spectra, extra
e-K(NO PID) reconstruction  hadron p_0.4~5Gevic the Charm and beauty dlstrlbut|0ns
R LM T U A AL LA LA LA LA AR L L ) A
g p@  rmmmemreet He)  mesamnceses 1 Derived beauty X-section,
T o simulation(bottom e o +1.2 +1.4
;‘Em Smtatonrarmatom ey CTCthadrontromien Opb = 3'271,1(Stat) T13(sys)ub
L T measureab-ellc~evb~e) R R
Ao L, "p+p (67 + )12+ X at\s=200 GeV 3
oo 3 90% C.L. e PHENIX data(c -~ e+b — e) E
002 E & A PHENIX data(c — €) 7
s 10° m PHENIX data((b — e) =
ofees B o i — FONLL(c - e+ b - e) 3
s 1z s Good agreement Wlth di- eIectrons measurement - ]
@ © PHENIX |y| <0.35 F 3
5} — FONLL y=0 w0 0%l E
q: --FONLL errorband y=0 | ___....--sf""" E E
I A [ ]
D .eF 10° | | *
o 2 O ©-o 3
a E Q r T90%C.L. 7
o 5§ 0% CL. ] 2?‘*-;5@:&@ rrrrrrr e SR N R S |
................. 90% C.L. - - 3
'''''''''' s € (b-e) 4
i S 90% C.L [*] I
p+p at\s=200 GeV R S 12 Lo
coo b b e b e b e Ly 2 3 4 5 6 7 8
3 4 5 6 7 P, (GeVic) X

w Electron pT(GeV/c)
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Charm and Bottom X-section Summary

Looking at other center-of-mass energy measurements.

) - i CDF p+p.
" S PHENIX UAZ 210 {correctod *
g 10 | 'ﬂb
T F PHENIX p+p at 200GeV }
© r spectra 10 -+ i =
spectrum ~ UA1 p+p
L di-electron 1] ’
107 1 d
3 ¥ NLO pQCD
[ + ¥ 0t ETT1pssi " NLO pacD
%1 sPs/FNAL i petiw
£ ¥
| . L 10 E789 piAL
10 10° [}
VS (GeV) i i
3
10 10 \s (GeV)

PHENIX results at the same energy, shifted for clarity

o and o from single electrons and di-electrons agree with each other and NLO
pPQCD calculation.
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Electron-Muon Correlations

Golden channel for open heavy flavor - almost no background

@ Heavy flavor signal consists of opposite sign mid-rapidity electron amvasfial rapidity
muon.

@ No backgrounds from other physical processes, majority of thegoaockd from
combinatorics, light meson decays and photonic electrons removedesidik

subtraction.
@ Proof of principle - new method to measure charm X-section.

e, e*-|” Azimuthal Correlations

-.f‘“-‘sm‘of\"”\H“\"H,\"“\"H T
£ 014 PHENIX preliminary PH-“ENIX

; Vs =200 GeV p+p

g 0.12 eiwilh p1>ﬂ.5,h|<l1.35

u; 041 W wllhp1>1.0.1.4<h\<2.1

Z 0.08 Overall systematic error 13.5%

=

T T S S T T O TS T IS
3

~
A¢ (radians) PHFENIX
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UpsilonT(1S+ 2S+ 39 J

—~——
PHZEENIX
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Upsilons inp+ p

T(1S+ 2S+ 3S) — ete™ (Jy|<0.35)

v —~— =
7] PHENIX PRELIMINARY =

P D105 52200 Gev 1
W corretated B

M vretr-van

W Y (1s+25+38)

2

6 7 8 9 10 15
e*e invariant mass /szr’/

m o1z 13 M4

- _ N S [ vesrALO CEM GRVI8HO s
g 160 Run6pp Preliminary —s— 1se25+35) e, iy <035 & 10" E— Vogt NLO CEM MRST 3
= —e— T(1s+25438) i e [1.2221] F—¥— STAR preliminary
% E Vs =200GeV Vot GTEQEM{scaled) ] I"T\ [—=— PHENIX preliminary
T 120 |
& F oYy k! S Y(IS+28+3S)
m 100 PHZENIX 1 =
«f Preliminary 3 '% £
= 3 o |
60 . = 10
01— — é E
20 i +10% Global scale uncertainty é m r
0 N Y RN k| 7 ]
-3 -2 -1 3
y 107 10
Ns [GeV]

ST @%‘(e
OFSUENE
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T(1S+ 25+ 39) — ptpu— (L.2<|y|<2.2)

oy
Opan Bottom(Pythia)
Gran Cranmbiniay
e Upsilon(15+25438) |

12 <y<22

PH ENIX Preliminary

Run6épp
NorthArm

MNow

0 11
Wwinvariant mass[GeVic]

e

Runépp
South Ari

~— 22<y<42
PH-“ENIX Preliminary

0 1
Wwinvariant mass[GeVic’]
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Upsilons inp+ p

Y(1S+ 2S+3S) — ete™ (|y|<0.35)  Y(1S+ 25+ 3S) — ptpu— (1.2<]y|<2.2)

~ 10 L 2oyl Runépp Runépp
y: W corretated B North Arm == u South Ar
o — 12 cyer T aayeaa
o I reit-van PH-“ENIX Preliminary PH-ENIX Preliminary
4 B Y (1s+25+438) 10 _ "
2:
L:
=20 1 1
6 7 8 9 lﬂ_‘
@ X-section follows world trend. S
— .. 9BRx %’ = 114195 pb, ye[-0.35,0.35] .
£ Runépp 4
Zu o200 © BRx 9 =282+ 9.4(stat) & 4.8(sys) pb, ye[-22,~1.2 /
(o} j
T 120
gm; %ll @ BRx* ({WG = 311+ 8.7(stat) & 6.2(sys) pb, ye[1.2,2.2]
o Preliminary
so; /
a0
20 ; +10% Global scale uncertainty
0: Ll
y 0
Ns [GeV]
PHYENIX
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Upsilon ind + Au

2 E T —Total Sum 1.6 T
i E' wmmm Drell Yan(Pythia) g : ]
z Run8dAu | ™ 8::: 2:::""';::’%"::) x 1_4% \]Rﬂ‘ 8‘1?: g:‘:,n—sg— T(18+25+38) - 'y, Iyl [1. zzzt
10 South Armﬂmw’: 12 y>0: d(Deuteron) going side :
2 \//_ 22<y<-1.2 3 C [ y<0: Au(Gold) going side i
: PH-ENIX Preliminary ] = ]
\\ It 1 08 -
10} N E ]
; (q e E
i I T %, 419 Global Uncertainty 3
1 02 ~— 3
E gy E, \ PH\E\‘ENIX Prellmmary ]
4 5 6 7 8 9 10 11 12 3 =N T
W' invariant mass[GeV/c?] y
@ Run6p+ pand Run& + AuY — pt i~ measurements have been used taRyat
@ Rya = 0.84+ 0.34(stat) + 0.20(sys), ye[—2.2, —1.2]
@ Riay = 0.53+ 0.20(stat) + 0.16(sys), ye[1.2, 2.2]
@ No measurements available (yet) at mid-rapidity.
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High mad di-leptorRaa Raa[0.5,11.5] < 0.64
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PeripheraRga, shows, some suppression
at all rapidities, though the systematics is
~ 15%. CentraRya, indicates a much
larger suppression fak/« at forward
rapidity.

Rep (cancels out many systematic
uncertainties) shows a dramatic
suppression of forward rapidity yields for
centrald + Au events compared to
peripheral events.

As can be seen, models including a
nuclear-modified PDF and a (fixed)
break-up X-section are unable to
reproduce the rapidity dependenceRaf,
in central and peripheral events with the
SaMETbreakup-

Gluon saturation matches the forward
rapidity points relatively well, but not
mid-rapidity. PHYENIX
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